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MATERIAL DISCHARGE APPARATUS AND METHOD 
TECHNICAL FIELD 

5 This invention relates to material discharge hoppers and material conveyor systems. More 
particularly, but not exclusively, the present invention relates to a material discharge 
apparatus and a method for controlling the discharge flow rate of material from a hopper. 

BACKGROUND ART 

10 

Many conventional hoppers discharge granular or particulate material directly through a 
funnel shaped discharge opening by gravity feeding the material through the hopper. 
However, one problem with such conventional hoppers is the amount of dust dispersed into 
the surrounding environment. This can result in some of the material being wasted during the 
1 5 conveying process. Fxirther, the amoimt of dust, particularly fine dust, being discharged into 
the surrounding air is undesirable and can damage machinery. Further, such dust can pose a 
health hazard for persons exposed to the dust. 

It is a non-limiting object of the invention to provide a material discharge apparatus aiad 
20 method of operation thereof that overcomes at least some of the abovementioned problems, 
or at least to provide the public with a useful choice. 

SUMMARY OF THE INVENTION 

25 According to a first broad aspect of the invention there is provided a material discharge 
apparatus for controlling the flow rate of flowable material being conveyed through a hopper, 
the apparatus including a hopper having an inlet opening at the top and a discharge outlet at 
the base of the hopper, and a valve means configured and arranged in the hopper, the valve 
means having a lower end portion adjacent the discharge outlet forming a gap between the 

30 hopper and the valve means for material to flow therethrough, the valve means and/or the 
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hopper being adapted to move relative to the other, in use, for controlling the rate of 
discharge of material through the gap. 

Preferably the valve means is arranged in the hopper such that the lower end portion adjacent 
5 the discharge outlet is substantially centrally positioned such that the gap between the hopper 
aiid the valve means is evenly spaced about the lower end portion of the valve means. 

Desirably the hopper is adapted to be suspended below a support frame by hopper support 
members, and wherein the valve means is adapted to be suspended below the support frame. 

10 

Desirably the hopper is adapted to be suspended below a support frame by a plurality of 
spaced apart hopper support members, the hopper support members being elastic in form, in 
xxse, to expand under the weight of material being conveyed through the hopper so as to 
slightly increase the gap between the hopper and the valve means to increase the flow of 
1 5 material therethrough. 

Preferably the valve means includes a bulbous lower end portion having a circular cross 
section, and wherein the hopper has a circular cross section that is tapered toward the 
discharge outlet. 

20 

Altematively the hopper is adapted to be attached to a support frame and being adapted with 
a load cell transducer means configxored and arranged to measure the weight of the hopper 
and generate a measurement signal that is forwarded to a valve control means, and a valve 
height adjustment means configured and arranged for attachment to the valve means and 
25 being electrically connected to the valve control means and to receive command signals 
therefrom, the valve control means being adapted to receive, in use, a measurement signal 
from the transducer means and control movement of the valve means by the valve control 
means to raise and lower the valve means to increase or decrease the gap respectively 
between the hopper and the valve means. 

30 
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Preferably the valve control means includes a computer controller means programmed by a 
suitable computer program for controlling the operation of the valve height adjustment 
means, the controller means allowing a user to enter a preset weight setting for the hopper, 
and in use, the controller means receives a digital measurement signal jfrom the load cell 
5 means representing the weight of the hopper with material, and when the weight signal 
exceeds the threshold preset weight setting the controller means actuates the valve height 
adjustment means to raise the valve means to increase the gap and allow a higher discharge 
rate of material imtil the weight measurement signal from the load cell means falls below the 
preset weight setting. 

10 

Desirably the controller means actuates the valve height adjustment means to raise the valve 
means in predetermined incremental lift positions. 

Preferably the hopper is made of a rotary moulded plastics material. 

15 

Preferably the hopper support members include coil springs, in use, that are expandable vinder 
the weight of lading in the hopper. 

According to a second broad aspect of tlie invention there is provided a computer controlled 
20 process for controlling the flow rate of material conveyed through a hopper, the computer 
program including the steps of: 

a. ) receiving a measurement signal from a load cell transducer means representing an 

actual measurement of weight of a hopper with material flowing therethrough and 
25 comparing the measurement against a preset measurement of weight representing 

a preferred flow rate through the hopper; 

b. ) if the actual measurement of weight is more than the preset measurement of 

weight a control signal is sent to a valve height adjustment means to lift a valve 
means in the hopper to increase the discharge rate of material flowing through the 
30 hopper; 
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c.) if the actual measurement of weight is less than the preset measurement of weight 
a control signal is sent to the valve height adjustment means to lower the valve 
means in the hopper to decrease the discharge rate of material flowing through the 
hopper; and 

5 d.) resetting the program to repeat step a imtil the material has been discharged 

through the hopper. 

Preferably in step a.) the program allows an operator to preset the niimber of measurements 
per minute taken by the load cell transducer means. 

10 

Preferably in step a.) if the actual measurement of weight is determined by the program to be 
the same as the preset measurement of weight the program will reset to step a. 

Desirably the invention includes a computer controlled process using the material discharge 
1 5 apparatus of the first aspect of the invention and preferably any of the prefenred features of 
the invention. 

According to a tliird broad aspect of the invention there is provided a method of controlling 
the flow rate of material conveyed through a hopper, the steps of the method including: 

20 

A. ) Comparing an actual measurement of weight of a hopper with material flowing 

therethrough with a preset measurement of weight representing a preferred flow 
rate through the hopper; 

B. ) if the actual measurement of weight is more than the preset measurement of 
25 weight, the valve means in the hopper is actuated to rise to increase the discharge 

rate of material flowing through the hopper; 

C. ) if the actual measurement of weight is less than the preset measurement of weight 

the valve means in the hopper is actuated to lower the valve means in the hopper 
to decrease the discharge rate of material flowing through the hopper; and 
30 D.) repeating step a until the material has been discharged through the hopper. 

4 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention will now be illustrated, by way of example only, 
wifb reference to the accompanying drawings in which: 



Figure 1: 



Shows a side view of a discharge valve apparatus with a hopper in a 
substantially raised position according to a first embociiment of the 
invention; and 



10 Figure!: 
Figure 3: 



15 



Figure 4: 



Shows an end view of the discharge valve apparatus of figure 1 ; 

Shows a side view of a computer controlled material discharge 
apparatus with a valve means in a substantially lowered position 
according to a second embodiment of the invention; 

Shows an end view of the material discharge apparatus of figure 3; 
and 



Figure 5: 



20 



Shows a flow chart representing a computer controlled, process for 
controlling the flow rate of material through a hopper. 



DETAILED DESCRIPTION OF THE DRAWINGS 

Referring to figures 1 and 2, a material discharge apparatus, generally referred to as 1, 
2 5 according to a first embodiment of the invention, is illustrated. 



The material discharge apparatus 1 is generally configured and arranged in association with a 
conveyor system that is arranged to deUver material to a hopper 2. The conveyor system may 
include a conveyor belt that can move material at a steady rate and feed such material into the 
30 hopper 2. The apparatus 1 is designed for controlling the flow rate of material passing 
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through an outlet 5 at the base of the hopper 2 and to direct the material into a pile for bulk 
loading into sheds, and/or for delivery into a truck trailer and/or a railway wagon. 

Controlling the rate of discharge of material in a hopper 2 as in the present invention is 
5 desirable as it can result in reducing the discharge of dust into the areas about the hopper 2 
during the conveying of flow material through the hopper 2. 

The hopper 2 is represented in this first embodiment as having a side wall 3 that is 
substantially vertical in form. The side wall 3 is circular to define a mouth or inlet opening 4 
10 into which suitable flow material is placed for conveying through the hopper 2 and 
discharged through a circidar aperture at the base of the hopper defined as a discharge outlet 
5. 

Suitable flow material includes particulate or granxxlar material (not shown) that can be 
1 5 gravity fed through the hopper 2. The hopper 2 preferably includes a conical portion 6 to 
direct material toward the outlet 5, The conical portion 6 extends fi:om the circular side wall 
3 to the lower end of the conical portion to define a circular discharge outlet 5. It will be 
appreciated that if the bulk solid material being conveyed is a granular material, it can be 
loaded or dropped into the opening 4 of the hopper 2 and is gravity fed toward the discharge 
20 outlets. 

The material discharge apparatus 1 advantageously includes a valve means 7 configured and 
arranged adjacent llie discharge outlet 5. The valve means 7 preferably includes an elongate 
plug configured and arranged in a substantially central orientation with respect to the side 
25 wall 3 and outlet 5. The lower end portion of the valve means 7 is desirably provided with a 
bxilbous conical end portion 8. The conical end portion 8 is desirably provided with an outer 
surface 8a that, in position for use, is substantially parallel with the inner wall of the conical 
portion 6 of the hopper 2. Advantageously the middle portion of the valve means 7 is tapered 
towards the top end portion 9 of the valve means 7. 

30 
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The top end portion 9 of the valve means 7 is associated with a valve setting and 
adjustment means, and in this first embodiment the top end portion 9 has a cap 9. The cap 
9 is provided with attachment means for a rope or chain means 10 to be attached thereto. 
Preferably the rope or chain means 10 is in the form of a metal chain having no elastic 
5 properties. The chains 10 extend from the cap 9 and attach about a pipe 1 1 by any known 
and suitable attacliment means such as a clamp or a shackle. The valve setting and 
adjustment means is for setting the desired clearance gap between the plug or valve means 
7 or more particularly the outer surface 8a of the conical end portion 8 and the discharge 
outlet 5 of the hopper 2. It will be appreciated that the larger the gap the more material 
1 0 will flow through the hopper 2 during use. 

This adjustable gap feature can be useful for allowing a secondary means for setting the 
gap between the valve means 7 and the discharge outlet 5. This gap may be predetermined 
before the conveying operation commences and may be about 2 to 2.5 centimetres or as 
1 5 required depending on the type of material being conveyed and the desired rate of flow of 
the material through the conveying means. It will be appreciated that different gaps will 
be required for different types of granular or particular material being conveyed. 

In this non-limiting first embodiment of the invention the hopper 2 is adapted to be movable 
20 in a vertical plane by a support and suspension arrangement. In this arrangement, once the 
discharge clearance gap has been set, it is the hopper 2 that will, in use, move relative to the 
plug 7, the plug 7 being fixed in position. It is seen that the gap will increase or decrease 
depending on the weight of the material placed in the hopper 2, and the hopper 2 itself, as the 
material is being conveyed through the hopper 2 and discharged. 

25 

The arrangement includes four brackets 12 attached to hopper attachment members 16. The 
hopper attachment means 16 can be any suitable form of attachment and in this embodiment 
is a metal ring 16 arranged about the side wall 3 of the hopper 2. The metal ring 16 desirably 
snugly fits under a protmding rim 17 extending out from the side wall 3. Each bracket 12 is 

30 adapted to attach to tlie lower end of vertically extending hopper support members 13. The 
top end of each hopper support member 13 is attached to the pipes 1 1 by a movmting means 
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preferably in the form of clamps 14. The clamps 14 may preferably include hopper support 
member adjusting means in the form of adjustable screws and wherein the top end of the 
support members 13 may be threaded to allow for the distance between the pipes 11 and the 
mouth or opening 4 of the hopper 2 to be adjusted and set, as required. 

5 

The pipes 1 1 are mounted at each end thereof to spaced apart beams 15. The beams 1 5 are 
fixed in a horizontal plane at a suitable height from the hopper 2 and provide a supporting 
frame to the apparatus 1 . 

1 0 Each hopper support member 13 is flexible such that it can stretch or expand mider a weight 
of lading such that the hopper 2 lowers relative to the pipes 1 1 and beams 1 5 when material is 
being conveyed into the hopper 2, and rises relative to the beams 15 as material exits the 
outlet 5 and the weight of lading reduces. Any desirable material or component that can 
expand under a load or weight of lading can be used such as, for example, a coil spring. It is 

1 5 envisaged that different types of hopper support members 13 can be provided depending on 
the material being conveyed through the hopper 2. 

It is seen that the material being conveyed through the hopper 2 of tlie appai^atus 1 can 
squeeze air trapped in the material to allow the material to flow as a solid column from the 
20 outlet 5, A desirable result of this invention is with causing a solid column of flowable 
particulate material to flow from the outlet 5 of the apparatus 1 with a lower dust level than 
with using a standard or conventional hopper. 

It will be appreciated that the hopper 2 and associated plug or valve means 7 can vary in size 
25 to accommodate different materials and the amount of material required to be conveyed 
through the hopper 2 into say, bulk loading into sheds, into a truck trailer or into a railway 
wagon. 

It is envisaged that a smaller version of the apparatus 1 can convey up to 250 tonnes per hour 
30 and a larger capacity apparatus 1 can be adapted to convey up to 400 tonnes per hour. Th-ese 
figures are with conveying flowable material having a specific gravity of between about 0.8 
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and 1 .6 %. Other applications and sizes are envisaged and the invention is not strictly limited 
by these examples in any way. 

Referring now to iBgures 3 and 4, a side view of a computer controlled material discharge 
5 apparatus, generally referred to as 20, according to a second embodiment of the invention, is 
illustrated. 

The material discharge apparatus 20 is generally configured and arranged in association with 
a conveyor that delivers material to a hopper 22. The material can be fed to the apparatus 20 
10 in a similar way as for the apparatus 1, and therefore further details will not be repeated. The 
apparatus 20 is considered to be a second embodiment and particularly sioitable for 
applications whereby good control of the flow of material is required. 

The hopper 22 is represented in this second embodiment as having a side wall 23 that is 
1 5 substantially vertical in form. The side wall 23 is circular to define a mouth or inlet opening 
24 into which a flowable particulate or granular material such as fertiliser, sugar, sand and the 
like can be delivered for conveying through the hopper 22 and discharged through an 
aperture at the base of the hopper defined as a discharge outlet 25. 

20 The hopper 22 preferably includes a conical portion 26 to direct material toward the 
discharge outlet 25. The conical portion 26 extends from the side wall 23, illustrated in this 
embodiment as circular in cross section, in a tapered form toward the lower end of the conical 
portion to define a circular discharge outlet 25. It will be appreciated that in operation, 
flowable material can be conveyed or delivered into the opening 24 of the hopper 22 which is 

25 then gravity fed toward the discharge outlet 25. 

The material discharge apparatus 1 advantageously includes a valve means 27 configin-ed and 
arranged adjacent the discharge outlet 25. The valve means 27 preferably includes an 
elongate plug configured and arranged in a substantially central orientation with respect to 
30 the side wall 23 and outiet 25. The lower end portion of the valve means 27 is desirably 
provided with a bulbous conical end portion 28. The conical end portion 28 is desirably 
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provided with an outer surface 28a that, in position for use, is substantially parallel with the 
inner wall of the conical portion 26 of the hopper 22. Advantageously the middle portion of 
the valve means 27 is tapered towards the top end portion 29 of the valve means 27. This can 
provide a plug having a lower centre of gravity, although the bulbous end portion 28 is 
5 shaped to allow for a suitable clearance gap between the hopper 22 and the outer surface 28a 
for purposes of controlling the flow of material and hence the discharge rate of material 
passing through the hopper 22. 

The top end portion of the valve means 27 is preferably adapted to be attached to a cap 29. 

1 0 An extension shaft 30 is configured to attach to the cap 29 and may optionally be attached 
substantially through the plug or valve means 27. The shaft 30 is made of any suitable 
durable and resilient material, and in this embodiment is made of stainless steel. The shaft 
shoxild comprise a suitably robust material, and be of a suitable size to withstand the forces 
applied by material passing through the hopper 22 and past the valve means 27. In this 

1 5 embodiment the shaft 30 is about 2 centimetres in diameter although may be of a different 
size if required. 

The top end of the shaft 30 is adapted to be associated with a valve height adjustment 
means for reciprocating motion or movement of the shaft and hence the valve means 27. 

20 The valve height adjustment means can include any known devices capable of raising and 
lowering the valve means, such as, for example, a bi-directional motor and pulley system 
as commonly integrated in cranes, a rack and pinion mechanism involving a bi-directional 
DC motor, or an hydraulic or pneumatic/air ram adapted to be attached to the substantially 
vertically disposed shaft 30. It will be appreciated that the valve height adjustment means 

25 preferably includes the means to allow full control over the raising and lowering of the 
valve means 27 to increase the steady changes to the discharge rate of the flow material. 

In this non-limiting embodiment an air ram 3 1 is adapted and configured to be moxmted to 
a top frame 32. The top frame is itself supported by the main frame 36. The main frame 
30 36 is fixed or suspended in position and supports the apparatus 1. The reciprocating air 
ram plunger or shaft 33 is connected to the extension shaft 30 by any suitable attachment 

10 



wo 2005/061347 



PCT/NZ2004/000337 



meaas 34 such as a clamp, with the ram 31 being suitably powered by a power supply. 
The air ram 3 1 is desirably encased in a housing 37 with the top end portion of the shaft 30 
and the air ram shaft 33 being encased in a suitable cover 38 that is adapted to allow for 
the reciprocating movement of the shafts 30, 33. 

5 

The hopper 22 is adapted to be attached to the main frame 36 by any suitable means, and 
in this embodiment a plurality of brackets 39 about the outer side wall 23 of the hopper 22 
is provided. The brackets 39 can be attached directly to the hopper 22 should the hopper 
22 be made of a suitable material such as a solid metal, or the brackets 39 can be attached 
10 to a metal rim 40 fitted about the outer side wall 23 with the rim 40 locating under a 
protruding rim 41 extending outwardly from the hopper 22. 

The air ram 3 1 is preferably adapted to be operable and controllable by a valve control 
means 35 that is located adjacent the air ram 31 or located remotely. The valve control 

1 5 means 35 is preferably a computer controller means suitably programmed by a computer 
program for controlling the lifting and lowering adjustments required of the air ram 31. It 
is seen that the lifting and lowering adjustments, that may be operated in predetermined 
incremental steps from an initial set up position, will increase and decrease the clearance 
gap between the hopper 22 and the valve means 27 between which material flows 

20 therebetween and through the discharge outlet 25. 

The initial clearance gap set may be any suitable clearance generally dependent on the 
type of material being conveyed, and in many applications the initial clearance gap may be 
between 2 and 2.5 centimetres. 

25 

The computer controller means 35 is suitably programmed to receive feedback signals 
representing a measurement of weight of the hopper 22. These feedback signals are 
required to calculate whether the flow rate through the hopper 22 should be increased or 
decreased. This measurement signal can preferably be obtained from a load cell 43 
30 adapted to be associated with the hopper 22 and preferably mounted to the support frame 
36 by way of a suitable load cell mounting means 44. It will be appreciated that the load 
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cell 43 operates as a weight or force transducer that can obtain measurements of weight 
and preferably be adapted to convert an analogue signal into a suitable digital signal that is 
fed to the computer controller means 35. 

5 The load cell 43 can include a form of strain gauge and may include any suitable number 
of load cells about the hopper 22 although in this second embodiment one load cell 43 is 
applied, with a ninnber of hopper brackets 39 located opposite the load cell 43. 

In the case of several load cells 43 being applied a suitable means to sum the measured 
10 signals for feeding to the controller means 35 can be integrated with the feedback signals 
to the controller means 35 via any wireless or wired communication means and in this 
embodiment a cable 45 is used. 

In operation, and in accordance with a method of carrying out the invention, an operator 

1 5 will preset a desired weight figure into the computer program running the controller m.eans 
35. The plug or valve means 27 can be left in a default lowered position with preferably 
no clearance with the gap between the valve means 27 and the inner wall of the hopper 22. 
Flowable material is conveyed into the hopper 22 and the load cell 43 periodically obtains 
measurements of weight and feeds such signals to the controller means 35. The frequency 

20 of the feedback signals can be preset also. When the controller means 35 determines that 
the measured weight signals reach the preset weight figure, the controller means 35 
activates the valve height adjustment means in the form of an air ram 31 to lift the valve 
means 27 and thus opening a gap between the valve means 27 and the hopper 22 to allow 
flowable material to be discharged through the discharge outlet 25. If the weight signals 

25 being fed back to the controller means 35 continue to increase the flow rate can be further 
increased by lifting the valve means 27 even fiirther to increase the gap. This step is taken 
until the controller means 35 determines that the weight of the hopper 27 is not increasing, 
at which time the controller means 35 can cease any further increases in the gap. At this 
point it will be appreciated that the flow rate of material being delivered into the hopper 22 

30 is substantially machine the rate of discharge of material through the hopper 22 and this is 
desirable. 

12 
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The lowering of the valve means 27 may be initiated if the load cell weight measurement 
signals indicate that the weight being periodically measured in the hopper 22 is 
decreasing. In this instance, the controller means 35 may initiate a control signal to the air 
5 ram 31 to lower the valve means 27 to decrease the gap and hence slow the rate of 
discharge of the material through the hopper 22. This will increase the amount of material 
in the hopper 22 and the load cell 43 until the weight is substantially matched to the preset 
weight figure set at the start of the process. 

1 0 The valve means and the hopper of the invention may be made of any suitable and durable 
material such as, for example, a plastics material, metal, or any combinations thereof. The 
hopper may more preferably be constructed of a rotary moulded plastics material. 

Referring now to figure 5, a flow chart of broad processing steps of a computer program^ 
1 5 generally referred to as 50, representing a computer controlled process for controlling the 
flow rate of material conveyed through a hopper, is illustrated. 

The computer controlled process can be applied with the apparatus 20 and is preferably in the 
form of a computer program for running the valve control means 35. The computer 

20 controlled process includes the steps a. of receiving a measurement signal from the load cell 
transducer means representing an actual measurement of weight of a hopper with material 
flowing therethrough and comparing the measurement against a preset measurement of 
weight representing a preferred flow rate through the hopper. The program then calculates 
and determines if the actual measurement of weight is more than the preset measurement of 

25 weight, and if so, a control signal is sent to a valve height adjustment means to lift a valve 
means in the hopper to increase the discharge rate of material flowing through the hopper; or 
in accordance with step c. if the actual measurement of weight is determined by the progranx 
to be less than the preset measurement of weight a control signal is sent to the valve height 
adjustment means to lower the valve means in the hopper to decrease the discharge rate of 

30 material flowing through the hopper; and then in accordance with step d. the process is 
repeated by resetting the program to step a. with the next actual measurement signal of 

13 
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weight from the load cell transducer meaas being compared with the preset weight figure and 
an adjustment made if required until the material has been discharged through the hopper. 

It is considered that in step a. if the program 50 determines that the actual measurement of 
5 weight is determined by the program to be the same as the preset measurement of weight the 
program will reset to step a. 

It will be appreciated that the computer program 50 can include a prelimiaary step of 
allowing an operator to set user preferences, including the amount of times a minute the 
1 0 load cell transducer means will take a measurement of weight and convert such analogue 
signal to a digital signal that is compared and processed by the computer program 50. 

It is considered that the computer program represents the broad processing steps of a 
program for controlling the discharge rate through the hopper of the invention, and such 
1 5 broad steps also disclose the broad method steps of the invention. 

Wherein the aforegoing reference has been made to integers or components having known 
equivalents, then such equivalents are herein incorporated as if individually set forth. 
Accordingly, it will be appreciated that changes may be made to the above described 
20 embodiments of the invention without departing from the principles taught herein. 

It is to be understood that the above description is intended to be illustrative, and not 
restrictive. Additional advantages of the present invention will become apparent for those 
skilled in the art after considering the principles in particular foim as discussed and 
25 illustrated. Thus, it will be understood that the invention is not limited to the particular 
embodiments described or illustrated, but is intended to cover all alterations or modifications 
which are within the scope of the appended claims. 
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